The purpose of this investigation was to examine the economic impact of performing elective repeat cesarean during 37 or 38 weeks of gestation relative to the American College of Obstetricians and Gynecologists recommendation of a 39-week delivery.
T he number of births by cesarean section was 31.8% of all births in the United States as reported in 2007. This represents the 11th consecutive year of increase in the cesarean birth rate. 1 It has been well characterized that infants who are delivered at Ͻ39 weeks of gestation have increased rates of adverse outcomes that primarily result from respiratory complications and the need for prolonged hospitalization. [2] [3] [4] [5] [6] [7] [8] [9] [10] As the cesarean delivery rate has increased by Ͼ50% from 1996 through 2006, there has been growing concern over the impact of elective repeat cesarean delivery on neonatal health. 1 This is especially concerning given the known increase in adverse outcomes for infants who undergo elective repeat cesarean delivery in the absence of labor Ͻ39 weeks of gestation. 2, 5 However, the practice of elective repeat cesarean delivery Ͻ39 weeks of gestation remains common. 3, 6 This was recently noted in an investigation of a cohort of patients who underwent repeat cesarean delivery within the 19 centers of the Eunice Kennedy Shriver National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network (NICHD-MFMU). In this investigation that examined elective repeat cesarean delivery from 1999 through 2002 in these centers, 35.8% of these elective repeat cesarean deliveries were performed Ͻ39 weeks of completed gestation. 6 Thus, the practice of elective repeat cesarean delivery remains common despite the American College of Obstetricians and Gynecologists (ACOG) recommendation to await 39 weeks of completed gestational age prior to elective repeat cesarean delivery. 11 The purpose of this investigation was to utilize the rates of adverse outcome characterized in the NICHD-MFMU study of elective cesarean delivery at term to characterize the cost benefits of delay of elective repeat cesarean delivery to 39 weeks of completed gestational age in a hypothetical cohort of neonates using a decision tree analysis.
MATERIALS AND METHODS
The Institutional Review Board at the Medical University of South Carolina approved this cost benefit economic investigation. This study utilized cost benefit modeling to integrate outcomes data with cost information by different gestational ages at time of elective repeat cesarean delivery. The goal of using this approach is to estimate the difference in cost expected in a population of neonates undergoing an elective repeat cesarean delivery at 37, 38, or 39 completed weeks of gestational age. In this investigation, the costs of care for infants delivered at either 37 or 38 weeks of completed gestational age would be compared to those encountered at the ACOG-recommended 39 completed weeks of gestational age. 11 Adverse outcomes considered in this decision economic analysis included respiratory distress syndrome (RDS), transient tachypnea of the newborn (TTN), admission to the neonatal intensive care unit (NICU), neonatal sepsis, neonatal hypoglycemia, requirement for ventilation, and hospital stay of Ն5 days. Proportions for each adverse outcome were derived from the prior patient cohort of elective cesarean delivery and are provided in Table 1 . 6 The incidence of these same outcomes was determined from the Florida 2007 discharge data from the Healthcare Cost and Utilization Project (HCUP) State Inpatient Database (SID). As each of these outcomes are not independent (ie, a single live birth can experience multiple adverse outcomes simultaneously), the cost benefit analysis was undertaken with the consideration of each adverse outcome independently. Data used in this investigation consisted of: (1) the incidence of adverse outcomes as reported in the NICHD-MFMU investigation of "Timing of Elective Repeat Cesarean Delivery at Term and Neonatal Outcomes"; and (2) neonatal discharge costs and data as derived from the 2007 discharge data from the HCUP SID for Florida, which was developed by the Agency for Healthcare Research and Quality. 6, 12 The Florida HCUP SID data comprise approximately 90% of inpatient discharge abstracts that include both clinical and nonclinical data from 269 of 294 (91.5%) hospitals across Florida. Costs were assessed from this database as the mean cost for health care of an infant in the hospitalization following delivery. The cost of a delivery that involved an adverse outcome of interest was assessed through the use of the International Classification of Diseases, Clinical Modification (ICD-9) coding in a pregnancy that was delivered by repeat cesarean delivery between 37-39 weeks of completed gestational age (259-279 days from last menstrual period). As the HCUP records primary and secondary diagnosis at discharge, the ICD-9 code of interest had to be listed in either of these fields for the neonatal record to be included in the calculation of mean cost for the specific adverse outcome. Actual charges were used to estimate costs using a birth-specific set of cost-to-charge ratios developed from a proprietary data set for Florida that contained both cost and charges for each admission (personal communication with Dr Kit N. Simpson, January 31, 2010). The effects of early delivery on charges were also reported because charges are a good estimator of differences in the medical care resources used for treating specific competing hospital conditions. Costs were adjusted for inflation to 2009 US dollars according to the 2007-2009 Hospital-Related Services Consumer Price Index. 13 The adverse outcomes that were analyzed in this manner included RDS (ICD-9 code 769.0), TTN (ICD-9 code 770.6), neonatal hypoglycemia (ICD-9 code 775.6), and confirmed neonatal sepsis (ICD-9 code 771.81). The required admission to the NICU following birth was recorded in this database as was the need for early ventilator management (within 24 hours of delivery) allowing ascertainment of these complications. Births that were complicated by fetal anomalies or stillbirth were excluded from these costing data. In this manner, infant costs at discharge were obtained for infants discharged with these outcomes within the same gestational age strata (37-39 weeks of gestational age) as were used in the NICHD-MFMU investigation of "Timing of Elective Repeat Cesarean Delivery at Term and Neonatal Outcomes" where adverse event incidence was derived. 6 This allowed a representative (mean) cost to be assigned to each neonate discharged from the hospital with or without an adverse outcome following repeat cesarean delivery. In this investigation, costs and outcomes were calculated using a hypothetical cohort of 100 neonates delivered at each gestational age. Using a decision tree methodology, the total cost of care for each 100-neonate hypothetical cohort was calculated based upon the sum total cost of the anticipated incidence of the adverse event multiplied by 100 and then multiplied by the mean cost for that adverse outcome with the remainder of the neonates without the adverse event present multiplied by 1 (the incidence of the adverse event rate) multiplied by the discharge mean cost for uncomplicated neonatal care. The decision analysis model utilized in this investigation was constructed in software (Excel 2007, Microsoft, Seattle, WA) and is shown in the Figure. 
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RESULTS
A total of 82,541 repeat cesarean deliveries occurred between 37-39 completed weeks of gestation in the 2007 Florida HCUP SID. Of these deliveries, there was a 0.26% incidence (n ϭ 214) of neonatal death. Costs and charges accrued at repeat cesarean delivery were obtained in US dollars based on the 2007 Florida HCUP SID and are reported as the mean costs and charges of neonatal discharge billing with either no adverse outcome (uncomplicated delivery) or with an adverse outcome affecting neonatal care in Table 2 . Each of the adverse events examined in this investigation resulted in at least a 5-fold increase in neonatal discharge costs, as evidenced by neonates affected by TTN, when compared to a normal outcome after repeat cesarean delivery as experienced in the window of 37-39 completed weeks of gestational age. Costs at discharge were noted to rise as much as 152-fold over an uncomplicated neonate delivered by repeat cesarean delivery in the case of confirmed neonatal sepsis. These costs were used with the observed rates of adverse neonatal outcome reported in the NICHD-MFMU study of timing of elective cesarean delivery in the decision tree model to estimate the cost of delivery of 100 hypothetical neonates at each of 37, 38, and 39 weeks of completed gestational age. In each of these cohorts, the contribution of each neonatal adverse event was found to be in excess of the cost of management of an uncomplicated neonatal delivery. It was noted that the excess costs of delivery at 37 or 38 weeks of completed gestation compared to 39 weeks of gestation were greater when repeat cesarean delivery occurred at 37 weeks rather than 38 weeks (Table 3 ). Both of these cohorts (37 and 38 weeks) had greater costs associated with elective cesarean delivery
FIGURE
Decision tree model
In the decision tree model, first decision was to determine gestational age at delivery. At that point, cost was determined in a hypothetical cohort of 100 neonates delivered who experienced rate of adverse outcome per specific gestational age strata (ie, 37, 38, or 39 weeks of completed gestation). Table 4 for each 100-infant hypothetical cohort. It is noted that there is a cost savings for delaying delivery by either 2 weeks (37-39 weeks) or by 1 week (38-39 weeks). The costs were noted to decline the most when NICU admission or RDS was avoided through delay of elective cesarean delivery by either 1 or 2 weeks. However, there were also savings encountered with delay of elective repeat cesarean delivery in avoiding TTN, proved newborn sepsis, and hypoglycemia that required treatment. Thus, with any of the adverse events analyzed, there was cost savings with each incremental week of delay of elective cesarean delivery from 37-39 completed weeks of gestational age.
COMMENT
Approximately 4.3 million births occurred in the United States in 2007, the same year as costs were assessed in this study. Of these births, 1.34 million were accomplished through cesarean delivery. 1 Given that almost one third of pregnancies are completed by cesarean delivery, the optimal timing for repeat elective cesarean delivery is an important decision in improving neonatal outcome and controlling health care costs. Based upon this investigation, the delay of elective repeat cesarean section to 39 weeks of completed gestational age was associated with significant cost savings in terms of neonatal management. This cost savings was anticipated due to a prior prospective observational cohort examining neonatal outcomes of elective repeat cesarean deliveries that occurred in the 19 US academic centers of the NICHD-MFMU, which found decreasing incidence of the adverse outcomes examined in this investigation with delay of elective repeat cesarean delivery Ͼ39 weeks of completed gestational age. In this prior investigation, the authors concluded that elective repeat cesarean delivery Ͻ39 weeks of completed gestation was associated with a "preventable increase in neonatal morbidity and admissions to the NICU which carry a high economic cost." 6 In this investigation, we sought to define the cost of elective repeat cesarean delivery at 37 and 38 weeks of completed gestation relative to those completed at 39 weeks of gestational age. While our study has limitations, it is able to assign a reasonable economic cost in terms of neonatal discharge expenditures using a large state database of neonatal discharge data.
12 To demonstrate the similarity of outcomes in this state database to the neonatal outcomes of the large cohort reported by the NICHD-MFMU, the Florida HCUP SID was examined for the incidence of these same outcomes in the window of 37-39 completed weeks of gestational age. Both reports were similar for the neonatal outcomes of interest. Thus, it appears that those outcomes seen in the NICHD-MFMU cohort investigation were representative of those in the Florida neonatal population in 2007. By selecting the mean discharge cost for neonates who experienced an adverse outcome, the cost data are more likely to represent the actual economic impact to the health care system that would be used in state budgeting. In using a large database from a state with a large birth population, our cost estimates are likely more representative of those seen in hospital-based management in other areas of the United States. The cost estimates that were derived from the Florida HCUP database are striking in that any adverse neonatal outcome resulted in at least a 5-fold increase in the discharge cost for a neonate delivered at 37-39 weeks of gestation by repeat cesarean delivery. However, if any www.AJOG.org
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neonate required respiratory ventilation, sepsis management, or a NICU admission, these costs increased Ͼ40-fold. Thus, the cost associated with the management of a newborn with any adverse outcome was greatly increased over those without complicated neonatal admissions. Given the increased incidence of adverse outcomes encountered at 37 or 38 completed weeks of gestation relative to 39 weeks of completed gestation, it was anticipated that a significant increase in costs would be noted among neonates delivered Ͻ39 completed weeks of gestational age. In this investigation, the hypothetical cohort of 100 neonates illustrated the significant increased cost associated with the decision to proceed with elective repeat cesarean delivery at either 37 or 38 weeks of completed gestational age rather than awaiting the ACOG goal of 39 weeks of gestation. It is important to recognize that this analysis is based on elective repeat cesarean delivery and not those cases where an indication for repeat cesarean delivery is indicated to reduce fetal morbidity or mortality. However, it is apparent that a delay of 2 weeks or 1 week to achieve 39 weeks of completed gestation is associated with a reduction in costs for neonatal management during the birth admission. Thus, adhering to the recommendations of ACOG and awaiting 39 weeks of gestational age prior to elective repeat cesarean delivery would be anticipated to reduce costs based on the cost analysis of the hypothetical cohort presented in this investigation. Our study also has limitations that should be noted. First, this investigation was limited to an examination of the neonatal hospitalization costs and did not examine other costs (maternal, nonhealth care related, social) that would also be important in the decision of timing of repeat cesarean. Some potential risks that are inherent in delay of elective repeat cesarean would include stillbirth or uterine rupture. In the Florida HCUP SID data there were 99 cases of stillbirth (0.12%) documented with a 0.26% incidence (n ϭ 214) of neonatal death.
12 If earlier cesarean delivery could prevent these outcomes, the cost benefit would shift to earlier intervention. When considering the risk for antepartum uterine rupture, a prior large, population-based cohort of women who selected to undergo elective repeat cesarean delivery at term found a risk of uterine rupture of 0.05% (11/23,794 ).
14 Thus, the risk for stillbirth or uterine rupture is far less common than the neonatal complications examined by this study. However, when stillbirth or uterine rupture occur, the associated costs would far exceed those seen in the neonate delivered at 37 or 38 weeks of gestation.
There are also ascertainment problems with the use of ICD-9 codes to identify a clinical condition. As personnel who code neonatal discharge charts are motivated to capture all billable diagnoses, there may be an assignment of adverse outcome by ICD-9 coding that may not be as clinically apparent. Thus, the ICD-9 code does not take into consideration the severity of the adverse outcome encountered, which may affect other aspects of neonatal care and discharge cost depending on severity of the clinical condition. To best estimate the economic impact of timing of elective repeat cesarean, we selected the mean cost for the adverse outcome of interest in each case. Another potential limitation of this investigation is the use of a single state neonatal discharge database for assignment of cost to adverse outcomes. As Florida is designated a "Red Alert" state by the ACOG due to its high-risk climate for medical-legal action, it is plausible that physicians may practice differently in the management of neonates who experience complications after birth than in other states where measures are in place to control medical-legal exposure in patient care. 15 Finally, this study does not control for the variations among states in the rate of potential interactions between some of the adverse outcomes that were analyzed. The results of this economic investigation classify the individual adverse outcomes by the most costly event reported for that admission. Thus, the cost-weight used in the model could be affected by differences in the rates of combinations of adverse events that could differ geographically due to differences in patient risk, compositions, and local practice patterns. Thus, the combinations of events reflect Florida rates of combinations of outcomes that are not mutually independent as in the case of ventilator management and NICU admission, which often occur concurrently. This limitation may not have a large effect on our findings because this economic investigation seeks to examine how more common complications after elective repeat cesarean delivery (ie, hypoglycemia) can affect the cost significantly in only a small hypothetical cohort (n ϭ 100) of neonates.
In conclusion, our investigation demonstrates significant increased neonatal hospitalization cost associated with elective repeat cesarean delivery when accomplished at 37 or 38 weeks of gestation relative to 39 weeks of gestation. Further studies of the timing of the elective repeat cesarean delivery are necessary to characterize the economic burden and quality-of-life issues surrounding delivery Ͻ39 weeks of completed gestation. However, neonatal hospitalization costs may be contained through careful consideration of timing of delivery in patients undergoing elective repeat cesarean delivery. 
